Over the years a large number of osmophilic yeasts have been isolated from honey, sirups, and highly salted fermented foods of the Orient. AMany have been considered as new species by the persons who isolated them. Strains vary from one another by minute differences in physiology and morphology. The osinophilic yeasts were formerly classified in the subgenus Zygosaccharomyces, a subdivision of the genus Saccharomyces reserved for those species which exist exclusively or partially as haploid cells in the vegetative phase. In keeping with recent trends, the haploid and diploid species of a single phylogenetic line are classed together, with no division into subgenera. Thus the osmophilic Zygosaccharomyces have been placed in the genus Saccharomyces where, according to the opinion of the authors, they currently occupy low positions on their phylogenetic line. Lodder and Kreger-van Rij (1952) reduced the previously large number of osmophilic species to two-Saccharomyces mellis, found almost exclusively in honey, and Saccharomyces rouxii, isolated commonly from Oriental foods, wines, jellies, sun dried fruits, and other substrates with high sugar content. The distinction between the two species is not sharp. It rests mainly on the ability of S. rouxii to assimilate and ferment maltose and on the inability of S. mellis to have any action on this sugar. The fermentation of maltose by S. rouxii in our experience is weak, and assimilation is variable. Indecisive speciation at this low level of development continues at higher levels also, and in the diploid species related to Saccharomyces cerevisiae the phylogenetic line likewise may be more accurately viewed as a series of hybrids which they probably are, than as a series of clearly defined species.
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Taxonomy of the osmophilic Saccharomyces is further complicated by the rapidity with which they may lose the ability to sporulate. Lodder and Kreger-van Rij (1952) reported that only 4 of the 33 strains which they studied belonging to S. rouxii and its variety was observed to retain the ability to produce ascospores. None of the strains of S. mellis were able to sporulate on any of five routine and five special sporulation media. 
MATERIALS AND METHODS
This study started as a routine identification of yeasts responsible for normal fermentation in the manufacture of the Japanese food, miso. Miso is made from soybeans and contains from 8 to 12 per cent sodium chloride to restrict the development of undesirable microorganisms. Inoculum for new batches of miso is material taken from a previous, good fermentation. A study was under way at this laboratory of procedures for making acceptable miso from soybeans grown in the United States. Dr. Kazuo 492 Shibasaki3 participated in the project. He is an expert on miso and also is acquainted with the osmophilic yeasts that carry out the principal fermentation. He stated that the chief yeasts of miso are Zygosaccharomyces major var. miso, Z. soya var. miso, Z. japonicus, and Z. salsus, the latter two being film yeasts. All are classified by Lodder and Kreger-van Rij as S. rouxii.
Three samples of miso were examined; two had been sent from Japan and one was from a good 10-day-old batch in the process of fermentation at this laboratory. Miso from the surface and from 2 cm below the surface was streaked on yeast maintenance agar plates and on this agar plus 10 per cent NaCl. So also was the white, mat, folded yeast growth that often grows above the surface of the miso, and is considered to be detrimental to the fermentation. One set of plates was incubated at 25 C and the other at 5 C (because one of the samples from Japan had been kept in a refrigerator for several months).
Yeast maintenance agar contains 3 g each of yeast extract and malt extract, 5 g peptone, 10 g glucose, and 20 g agar per liter of distilled water. The complete medium is available on the market in dehydrated form.
Incubation, except as specifically noted, was at 25 C.
RESULTS
The refrigerated miso from Japan showed only a very few bacterial colonies, and no yeasts. The other Japanese sample and the fermenting sample showed almost exclusively yeast colonies which appeared to be one species. The colonies ranged from smooth and glistening to mat, with or without concentric folds, and often with a flat outer zone that had minute pits on its surface. Both glistening and mat types and intermediates were found on the same plates, but the mat, folded yeast growth on the surface of miso yielded the highest ratio of mat colonies, and the subsurface miso yielded the highest ratio of glistening 3 Tohoku University, Sendai, Japan. Collaborator colonies. The mat-colony type is the more oxidative; the glistening type is the more fermentative form of the species. Both gave practically identical fermentation and carbon assimilation reactions, and all reactions were characteristic for S. rouxii. The glistening forms produced no pellicles on the assimilation test media, whereas the mat types did.
When the plates that were incubated at 25 C were 10 days old, cells from the confluent area of growth on the agar containing 10 per cent NaCl were examined microscopically in water mounts. Here both sexes, if such were present, would be in contact and could react. Tight clusters of scores, hundreds, or thousands of conjugated cells and asci were observed among separate, loose vegetative cells and a few loose asci. Individual colonies consisted of a single sex and showed only a few asci. They, too, consisted of two conjugated, previously independent cells, usually with two ellipsoidal ascospores in each component of the ascus. These facts suggested that the yeast might be heterothallic with an ability to produce a relatively small number of asci with spores of one sex only.
Isolated colonies of both the glistening and the mat types were restreaked to insure complete purity of sex. Colonies which were to be studied sexually were selected. The glistening isolates were grown separately on 10 per cent NaCl yeast maintenance agar slants and then mixed by fours on the same medium. Within 3 days at 25 C the mixtures showed clusters of asci with mature, healthy spores, and the slants of individual isolates showed very few if any asci. The isolates were then mixed by pairs, and the pair producing the most asci (colony isolates 5 and 7) were selected as testers for subsequent study. They were designated as NRRL Y-2547 and Y-2548, respectively, but it is more convenient to refer to them simply as 5 and 7.
Isolates 5 and 7 were grown separately on yeast maintenance slants without added NaCl, and on yeast maintenance slants containing 2, 5, and 10 per cent NaCl and 20 per cent glucose, respectively. The cultures were transferred twice at 48-hr intervals, when it was noted that growth of the yeasts on the slants containing no NaCl and 2 per cent NaCl was about equally abundant, but there was less growth on the 5 per cent NaCl slants and still less on the 10 per cent. When the second serial slants were 48 hr old, approximately equal amounts of cells were taken by loop from both sexes and mixed on a slant of the same medium on which the yeasts had been grown. Cells were thoroughly mixed in a small area in the center of the slant, then spread over the agar according to the procedure of Wickerham and lBurton (1954) . Isolates 5 and 7 were also inoculated separately onto the various media.
When the controls and mixed cultures were 3 days old, cells from the center of the slants were examined microscopically. Neither 5 nor 7 alone had produced asci. The mixture of opposite sexes on the slant with no NaCl showed fairly numerous asci, but they contained no spores. The mixture on 20 per cent glucose medium contained numerous asci, but most contained unhealthy or aborted ascospores. Some spores had aborted before spore walls were initiated, and these appeared as small round or larger angular granules, and others were angular and surrounded by incomplete cell walls. About 1 per cent of the vegative cells burst when placed in the water used for mounting the cells, whereas cells taken from any of the other media did not burst. When S. rouxii is grown in high osmotic pressure caused by NaCl, apparently it has some mechanism for protecting itself against radical reduction in pressure. The protective device does not operate, however, after growth in sugar medium.
The mixture of opposite sexes 5 and 7 at 3 days on 2 per cent NaCl slants had many asci with mature, healthy spores and apparently all or nearly all of the asci consisted of conjugated cells. The number of asci and the size of the clusters of tightly agglutinated asci increased with the salt concentration, some of them containing thousands of asei.
The high salt content of miso undoubtedly is responsible for the maintenance of sporulation in S. rouxii and for the abundant development of the mat, oxidative form of this yeast. During 12 or 14 days of incubation the size of the clusters apparently increases. The clumps are so tight that they can be easily obtained free from nonagglutinated, loose, vegetative cells by washing a loopful of cells three or four times with cold water. The suspension is shaken thoroughly, then the loose cells are decanted after the clusters settle to the bottom. This clumping is evidently one of the various manifestations of sexual agglutination (Wickerham, 1958) and will be discussed later in a publication dealing with the various aspects of the phenomenon.
Testers 5 and 7 were mixed with several glistening-type isolates on 10 per cent NaCl yeast maintenance slants, and each mated well with one of the testers and not at all with the other. Five and seven were mated with seven mat isolates. Two of them mated with tester 5 and five with tester 7. In all seven of the positive mixtures rather few conjugations were produced between the opposite sexes. Mat isolates of one sex were mated with mat isolates of the opposite sex; sexual reactions were extremely weak or indefinite. In these mixtures of exclusively mat types, whether consisting of the same or opposite sexes, there were a small number of asci that arose as single cells, indicating they stemmed from diploid vegetative cells. None of them had healthy ascospores; they commonly contained aborted or unhealthy spores. Mating types that have been maintained separately on agar slants for 3 months have lost their ability to produee unisexual asei, but have retained the ability to mate with the opposite sex to produce an abundance of asei that contain two ascospores of one sex and two of the other sex.
DISCUSSION
The common practice of testing each isolated yeast separately on sporulation medium is, of course, inadequate when the yeast is a heterothallic haploid. In such cases strains may be mixed by fours or eights according to the procedures of Wickerham and Burton (1954) . Since mutations which reduce the ability to mate may occur in stock cultures of heterothallic haploids (especially of the genus Saccharomyces), it is desirable to obtain both sexes from some natural source rather than attempting to mate old stock cultures.
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